This study analyzes the performance of groundnut production in Bangladesh in the 1990s and 2000s, both at the district and national level. Production performance was measured in terms of growth and variability. Annual compound rate of growth was estimated to know the growth performance. Cuddy-Della
cereal production increased since the rapid adoption of modern technology. Mehra (1981) also argues that instability in India's total food grain production has increased due to the widespread adoption of the improved seed-fertilizer intensive technologies since the mid-1960s. Similar arguments are also put forward by Rao (1975) , by Barker, Gabler and Winckelmann (1981) and by Griffin (1988) . Carlson (1985) examined the causes of rice yield variability using panel data from 13 Asian countries. He concluded that the coefficients of variation of both rice yields and total production decreased significantly with higher adoption of modern varieties and irrigation development. Deb, Joshi and Bantilan (1999) showed that the expansion of modern sorghum cultivars in India helped to increase sorghum yield and reduced the relative variability in yield. McIntire and Fussell (1985) estimated sources of variation in millet grain yield from farm level data in India. The results showed that improved cultivars did not generally contribute to increased relative or absolute variability if accompanied by appropriate package of inputs. Singh and Byerlee (1990) , based on 57 wheat producing countries of the world, showed that relative variability in wheat yield declined over time and expansion of modern wheat varieties have positive contribution to the decrease in variability in wheat yield. Deb, Mandal and Dey (1991) , based on secondary data from Bangladesh for the period 1947/48 to 1986/87, analyzed production variability for six crops including groundnut for two periods, modern technology period (1968/69-1986/87 ) and pre-modern technology period (1947/48-1967/68) . They found that both the absolute and relative variability in production reduced during the modern technology period compared to the pre-modern technology period. They have measured the absolute variability through standard deviation and variance, and relative variability through coefficient of variation. The major limitation of their study lies in the use of simple coefficient of variation. The simple coefficient of variation over-estimates the level of instability in timeseries data.
Although at the theoretical level it is suggested that the questions of stability -and adaptability should be properly distinguished (Evenson et al., 1979) , empirical analysis of the issue mainly proceeds in terms of measurement of variability in production and yield based on time series data. However, it is shown that when such measures are compared for different periods, the conclusions appear to be sensitive to changes in cutoff points and dropping of observations for 'unusual' years (Alauddin and Tisdell, 1988) . Deb, Bose and Dey (1999) estimated variability in area, production and yield of sugarcane in Bangladesh for 1962/-63 to 1993/94, both at the national and district level. The study reported that sugarcane area and production in Bangladesh has increased over time while the yield has decreased. There was no significant change in variability in sugarcane production, area and yield in succeeding periods in Bangladesh though different districts showed a mixed pattern. Ragavendra (2006) showed that groundnut production had an annual growth of 2.4 percent while groundnut area grew at the rate of 1.17 percent and yield grew at 1.22 percent in the pre-WTO period (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) . On the other hand, performance of groundnut in Karnataka in the post WTO period (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) ) was dismal with negative trends. Patil et al. (2009) observed that groundnut production has declined in Maharashtra at the rate of 4.10 percent per annum during 1993/94 to 2006/07 due to the decline in both area and yield. During the same period, groundnut production in India declined by 3.10 % per annum mainly due to decrease in area.
Groundnut is a very important crop in Bangladesh. It is used as edible oil, to make cake, biscuit and bakery in the food industries. Traditionally it is eaten as fried 'badam' and oil cake is used as cattle feed. Bangladesh import groundnut oil and shelled groundnut on a regular basis. In 2008, Bangladesh imported 27 metric tons of groundnut oil spending USD $100 thousand (FAOSTAT, 2011) . The soil and climate of Bangladesh are quite suitable for groundnut production. It is cultivated mostly in sandy soils and riverbeds (Nath and Alam, 2002) . In spite of its importance as an oil crop and of multifarious uses in everyday life, there is lack of information about its production performance across different districts in Bangladesh. Information about the growth performance and variability situation in groundnut production would help the policy makers of Bangladesh to implement policy measures such as export-import policy for groundnut. This paper tries to assess the performance in groundnut production in Bangladesh at the national and district level during the last two decades, 1990s and 2000s. The specific objectives of the study are (1) to analyze spatial and temporal performance of groundnut production in Bangladesh; (2) to estimate the level of variability in groundnut production and its sources in different districts of Bangladesh during the 1990s and 2000s; and (3) to discuss implications of research findings for agricultural policy and crop improvement to enhance groundnut production in Bangladesh.
Database and Methodology
The analysis is based on secondary data on groundnut area and production collected from various issues of the Year Book of Agricultural Statistics of Bangladesh published by the Bangladesh Bureau of Statistics. We have analyzed groundnut production performance in 20 greater or old districts which had at least 40 hectares under groundnut in all years during 1990/91 to 2009/10. Khulna district was not included in the analysis since its total groundnut area in a year was often less than 40 hectares. The study districts are: Barisal, Bogra, Chittagong, Chittagong H.T., Comilla, Dhaka, Dinajpur, Faridpur, Jamalpur, Jessore, Kishoreganj, Kushtia, Mymensingh, Noakhali, Pabna, Patuakhali, Rajshahi, Rangpur, Sylhet and Tangail.
We have carried out analysis of growth and variability in groundnut production, area, and yield for two periods: 1990s (1990/91-1999/2000) and 2000s (2000/01-2009/10) . Annual compound rate of growth in area, production and yield of groundnut was estimated using equation (1) and (2):
Where ln Y is the area (in hectares)/production (metric tons)/per hectare yield of groundnut (in kg) expressed in natural log form, t is the time trend denoting years and b is the regression coefficient.
Compound growth rate (g) = Exp(b) -1
Variability in area, production and yield of groundnut is measured in relative terms by the CuddyDella Valle index which is used as a measure of variability in time-series data (e.g., Weber and Sievers, 1985; Singh and Byerlee, 1990; . The simple coefficient of variation over-estimates the level of instability in time-series data characterized by long-term trends whereas the Cuddy-Della Valle index corrects the coefficient of variation, by:
Where CV is the Cuddy-Della Valle index, i.e., corrected coefficient of variation (CV). Henceforth, any mention of CV would refer to the Cuddy Della Valle Index. CV* is the simple estimate of the coefficient of variation (in percent), and R 2 is the coefficient of determination from a time-trend regression adjusted by the number of degrees of freedom. It may be mentioned here that some authors have estimated the CV around trend as the standard error of regression divided by mean. After estimating in both ways from the same set of data, Singh and Byerlee (1990) found that the results are almost identical whichever method is used. In their case, the correlation between the instability indices of two methods was 0.9998. Since both methods provide same results, we opted to estimate instability index using Cuddy Della Valle Index. To determine whether the differences in CVs between periods from individual observations, i, are statistically significant or not, we used the approach of Anderson and Hazell (1989) based on Kendall and Stewart (1969, p. 233, 243) , where a standard normal test statistic, Z, is calculated by;
Where D is defined as,
where CV i is the CV in period i of length n i years, and c is the CV in the parent population. We have approximated c by CV 1 following Anderson and Hazell (1987) . The change in CV for each district was tested using the Central Limit Theorem to compute Z* = SZ i /m 0.5
, where Z i are the standard normal test statistics for each observation of equation (4) above, and m is the number of observations in the sample. Table 1 shows the contribution of different districts to total groundnut area, and production in three different periods; early 1990s (1990/91-1992/93), late 1990s (1999/00-2001/02) and late 2000s (2007/08-2009/10) . During early 1990s, average annual groundnut area in Bangladesh was 37.75 thousand hectares while total production was 40.82 thousand metric tons. Both the average area and production of groundnut decreased to 30.45 thousand hectares and 34.63 thousand metric tons, respectively, during late 1990s compared to early 1990s. In late 2000s, average groundnut area and production in Bangladesh was 30.16 thousand hectares and 45.20 thousand metric tons, respectively (Figure 1 ). In the late 2000s, top five groundnut growing districts (Noakhali, Faridpur, Dinajpur, Dhaka and Chittagong) accounted for 58 percent of production and 60 percent of groundnut area in Bangladesh. During this period, Chittagong H.T., Kushtia, and Rajshahi district contributed less than one percent to the total groundnut production in Bangladesh. Using equation (2), we have estimated the annual compound rate of growth in area, production and yield of groundnut in different districts of Bangladesh for the three periods mentioned earlier. Table 3 presents the estimated growth rates. Based on the annual compound rates of growth, study districts can be classified into four categories: Category A (High growth): districts achieved growth rate 5 % or above; Category B (Moderate growth): districts achieved growth rate more than 1% but less Bangladesh at the national level had negative growth in both area and production of groundnut in the 1990s but registered positive growth in area (1.11 percent) and high growth in production (5.13 percent) in the 2000s. Annual compound rate of growth in groundnut yield in Bangladesh was 1.11 percent in the 1990s and 3.98 percent in the 2000s. During 1990s, two districts (Dinajpur and Rajshahi) experienced high rate of growth in area while another district (Kishoreganj) had high growth rate in production whereas only two districts (Dinajpur and Kishoreganj) experienced high growth in yield. During this period, 10 districts (Noakhali, Sylet, Faridpur, Jamalpur, Mymensingh, In the 2000s, 7 districts (Faridpur, Tangail, Jessore, Kushtia, Dinajpur, Pabna and Chittagong H.T.) experienced high growth in area and 9 districts (Faridpur, Tangail, Barisal, Jessore, Kushtia, Dinajpur, Pabna, Rangpur and Chittagong H.T.) had high growth in production and another 7 districts experienced high growth in yield (Dhaka, Faridpur, Tangail, Barisal, Jessore, Dinajpur and Rangpur). Dinajpur experienced highest growth in area (51.44 percent) and production (60.64 percent) while Rangpur had highest growth in yield (19.72 percent). During the same period, 10 districts (Bogra, Barisal, Comilla, Sylhet, Dhaka, Jamalpur, Kishoreganj, Mymensingh, Patuakhali and Rajshahi) experienced negative growth in area and 9 districts (Dhaka, Bogra, Comilla, Sylhet, Jamalpur, Kishoreganj, Mymensing, Patuakhali and Rajshahi) had negative growth in production and 4 districts (Mymensingh, Rajshahi, Comilla and Patuakhali) had negative growth in yield.
Results and Discussion
For clear understanding of the growth scenario, we discuss the association between growth rates in groundnut area and yield (Table 4) . On the basis of growth rates of area and yield, the study districts revealed four types of association: AA-positive growth rate of area associated with positive growth rate of yield. This would indicate that groundnut is either replacing other crops or is grown in the newly cultivated area and the overall yield of groundnut increased. AB-positive growth rate of area associated with negative growth rate of yield. BA-negative growth rate of area associated with positive growth rate of yield. This would indicate that groundnut area has been replaced by other crops or has gone out of cultivation and the yield of the remaining area has increased. BB-negative growth rate of area associated with negative growth rate of yield. In the 1990s, 6 districts were in category AA, 4 districts in category AB, 8 districts in category BA and 3 districts fall in category BB. In 2000s, number of districts under different categories was: AA (10 districts), AB (none), BA (6 districts) and BB (4 districts). In the 1990s, Bangladesh experienced negative growth in area and positive growth in yield. In the 2000s, Bangladesh had positive growth in both area and yield indicating that groundnut had expanded to the areas suitable for this crop.
The level of instability in groundnut production is very important for sustainable production. Therefore, we have estimated the relative variability in groundnut production using equation (3). To see the significant differences in changes in CV between the two periods, we have conducted a Z statistics analysis for each of the districts; following equation (4). The results of the analysis along with the calculated value of Z statistics for individual districts are presented in Table 5 .
The relative variability in groundnut production in Bangladesh during the 1990s and 2000s were 2.9, and 6.6 percent, respectively, indicating an increase in production variability in the later period. However, the increase in relative variability was not statistically significant. The increase in coefficient of variation in groundnut production during 2000s, compared to 1990s, revealed that it was statistically significant only in three districts (Sylhet, Mymensingh and Tangail). Other districts had no statistically significant change in groundnut production variability. It is pertinent to mention here that these three districts together contributed only 7.8 percent to the total groundnut production of Bangladesh during the 2000s. Therefore, it appears that the major groundnut producing districts such as Noakhali, Faridpur and Dinajpur had no statistically significant change in production variability though majority of the districts experienced a decline in production variability.
Table 5: Relative variability in groundnut production in Bangladesh
Notes: The values of Z are computed using equation (3) to see whether there was a statistically significant difference of CV of groundnut production (computed as in equation 2) between periods. Double star (**) indicates that computed Z is significant at 1 percent level of significance while a single star (*) indicates the value is significant at 5 percent level of significance The magnitude of relative variability in groundnut yield in different districts of Bangladesh is presented in Table 7 . The relative variability in groundnut yield in Bangladesh during the 1990s and 2000s were 3.0, and 4.7 percent, respectively. In the 2000s, compared to the 1990s, three districts (Kushtia, Rangpur and Tangail) had statistically significant increase in yield variability.
The association between groundnut yield and relative variability in yield is presented in Table 8 . We found four different types of association: AA-increase in yield associated with decrease in relative variability, AB-increase in yield associated with increase in relative variability, BA-decrease in yield associated with decrease in relative variability, BB-decrease in yield associated with increase in relative variability. From the view point of development, AA is the best situation whereas BB indicates the worst situation. AB would be preferred to BA. In the 2000s, compared to the 1990s, 3 districts (Noakhali, Patuakhali and Chittagong H.T.) experienced an increase in yield accompanied by decrease in variability in yield while only Kishoreganj district experienced decrease in yield associated with increase in variability of yield. Three districts (Comilla, Bogra and Rajshahi) experienced decrease in yield with decrease in variability. Other districts faced increase in yield associated with increase in variability.
Conclusion
The study analyzed the trends in area, production and yield of groundnut in three specific time periods: early 1990s (1990/91-1992 Notes: The values of Z are computed using equation (4) to see whether there was a statistically significant difference of CV of groundnut yield (computed as in equation (4) between periods. Double star (**) indicates that computed Z is significant at 1 percent level of significance while a single star (*) indicates the value is significant at 5 percent level of significance.
Source: Authors' calculation, based on data collected from BBS Source: Authors' calculation, based on data collected from BBS
